Abstract: Rapid urbanization is occurring throughout China, especially in megacities. Using a land use model to obtain future land use/cover conditions is an essential method to prevent chaotic urban sprawl and imbalanced development. This study utilized historical Landsat images to create land use/cover maps to predict the land use/cover changes of Tianjin city in 2025 and 2035. The cellular automata-Markov (CA-Markov) model was applied in the simulation under three scenarios: the environmental protection scenario (EPS), crop protection scenario (CPS), and spontaneous scenario (SS). The model achieved a kappa value of 86.6% with a figure of merit (FoM) of 12.18% when compared to the empirical land use/cover map in 2015. The results showed that the occupation of built-up areas increased from 29.13% in 2015 to 38.68% (EPS), 36.18% (CPS), and 47.94% (SS) in 2035. In this context, current urbanization would bring unprecedented stress on agricultural resources and forest ecosystems, which could be attenuated by implementing protection policies along with decelerating urban expansion. The findings provide valuable information for urban planners to achieve sustainable development goals.
Introduction
Land use/cover change has widespread impacts on many fields, including city planning, economics, agriculture, land surface temperature, and climate change [1] [2] [3] . With the acceleration of the urbanization process and industrialization, urban structures have significantly transformed and this phenomenon has attracted the attention of the government and the public, especially in developing countries [4, 5] . By using remote sensing (RS) and geographic information system (GIS) methods, many land use/cover models have been established and developed on complicated and developed urban environments, fully presenting the dynamics and problems of land use/cover changes [6] . To discover the system and development of urban spatial structures, scenario-based simulations have been widely applied [7] [8] [9] . Predicting future land use/cover changes under extensive scenarios is significant for urban planners to better grasp the trend of urbanization.
Recent works have shown that future urban structure can be predicted through the urban growth model with historical trends from spatiotemporal land use/cover changes under different scenarios [10] . Clarke et al. (1997) predicted urban growth in the San Francisco bay area by using in the Tokyo metropolitan area under the subregion development, green space improvement, and spontaneous scenarios [35] . Kamusoko et al. (2009) simulated future land use/cover changes in Bindura district in 2020 and 2030 by employing the CA-Markov model [36] .
Although scenario-based simulation is common in land use/cover prediction, few studies have emphasized the importance of keeping a balance between urban expansion and cropland protection. Our previous study analyzed the spatiotemporal patterns of land use/cover change in Tianjin city from 1995 to 2015. However, that study predicted the landscape of Tianjin in the future regardless of the related forest preservation and cropland preservation policies. In this research, we employed the land use/cover classification results which were collected from the previous study and considered forest and cropland protection policies to simulate future land use/cover spatiotemporal distribution under three alternative scenarios.
The objective of this study is to use RS data and GIS methods to simulate future growth scenarios in Tianjin city. To achieve this, three steps have been conducted. First, based on the historical development trend of land use/cover changes, we identified modeling variables to determine position, direction, and tendency using GIS tools. Second, we used the Markov model to calculate the transition probability matrix from land use/cover maps in 2005 and 2015. Third, we simulated the land use/cover maps in 2025 and 2035 under multiple scenarios in the CA-Markov model. Although scenario-based simulation is common in land use/cover prediction, few studies have emphasized the importance of keeping a balance between urban expansion and cropland protection. Our previous study analyzed the spatiotemporal patterns of land use/cover change in Tianjin city from 1995 to 2015. However, that study predicted the landscape of Tianjin in the future regardless of the related forest preservation and cropland preservation policies. In this research, we employed the land use/cover classification results which were collected from the previous study and considered forest and cropland protection policies to simulate future land use/cover spatiotemporal distribution under three alternative scenarios.
Materials and Methods

Study Area
The objective of this study is to use RS data and GIS methods to simulate future growth scenarios in Tianjin city. To achieve this, three steps have been conducted. First, based on the historical development trend of land use/cover changes, we identified modeling variables to determine position, direction, and tendency using GIS tools. Second, we used the Markov model to calculate the transition probability matrix from land use/cover maps in 2005 and 2015. Third, we simulated the land use/cover maps in 2025 and 2035 under multiple scenarios in the CA-Markov model.
Materials and Methods
Study Area
Tianjin is one of the four municipalities (Beijing; Shanghai; Tianjin; Chongqing) directly under the central government of China, located in between 38°34′ N to 40°15′ N and 116°43′ E to 118°04′ E, covering an area of 11,860 km 2 in northern China (Figure 1 ). Tianjin city consists of 16 districts (Binhai, Hedong, Heping, Hexi, Nankai, etc.) and 2 central business districts (CBDs). One CBD is situated in the central area, and the other is situated in the Binhai district. According to the National Bureau of Statistics (NBS) of China in 2015, the population in the Tianjin metropolitan area grew from 12. Tianjin city is the third largest center of urban internationalism after Beijing and Shanghai, with a 10% annual GDP increase rate since 2000 [37] . In 2005, the government framed a set of new policies Tianjin city is the third largest center of urban internationalism after Beijing and Shanghai, with a 10% annual GDP increase rate since 2000 [37] . In 2005, the government framed a set of new policies for the Binhai district. As a result of these policies, the industrial center moved from the city center to the Binhai district and it became the most extensive international port in northern China. Tianjin was selected as the study area since it is a typical Chinese megacity undergoing rapid urbanization and thus faces all of the problems associated with this process. From 2003 to 2011, in Tianjin city, 34,734 ha of cropland has been occupied by urbanization and 6547 ha of the green area was lost due to urban expansion [38] .
Data Used
Satellite images are widely used in recording landscapes in different years [39] . In this study, the land use/cover maps in 1995, 2005, and 2015 were collected from our previous study [18] . The classification method was the maximum likelihood supervised classification algorithm. To reflect the trend of urban growth, land use/cover maps were reclassified as built-up, non-built-up, and water. The built-up category includes constructed areas, such as buildings and roads. Forest area, cropland, and grass area have been classified into the non-built-up category. Reservoirs, lakes, and rivers belong to water. The reclassified land use/cover maps were employed for simulating scenarios.
The vector data, including the locations of the CBDs, markets, and major roads, were obtained for analysis and modeling as ancillary spatial data. The digital elevation model (DEM) data, used as one variable in the modeling process, was downloaded from the United States Geological Survey (USGS) website [40] . The slope date was derived from DEM data. To achieve scenario-based modeling, the wetland nature reserve was set as the protection area in this study.
Land Use/Cover Change Model
In this study, a hybrid model that combined the Markov model and the CA model was employed to simulate future land use/cover maps. TerrSet 18.31 software was used to run the CA-Markov model and other related modules.
Computation of Transition Area Matrix Using the Markov Model
The Markov model is a random process transforming one state to another in a state space [41] . The process of the Markov model is characterized as memorylessness. This means that in a time series, the probability distribution in the next state is only dependent on the current state, not on previous states [42, 43] . The Markov model can be used with different statistical or artificial intelligent models to predict land use/cover changes, such as the cellular automata model, logistic model, multilayer perception/neural networks, and hybrid models [44] [45] [46] . According to the non-aftereffect, the Markov model can simulate the changing trend between two time points [47] . The relationship between the condition in time t and t + 1 can be expressed by Equation (1) [48] :
where N t+1 is the state vector at the future time, P matrix is a transition probability matrix, and N t is the state vector at the initial time.
When the transition probability matrix is obtained, the transition area matrix can be easily calculated, which is expressed as follows: where A is the transition area matrix from time t to t + 1 and n is the number of land use/cover categories. In this study, land use/cover maps in 1995, 2005, and 2015 were selected as the study years to calculate the transition area matrix. All of them have been reclassified into three land use/cover types (built-up, non-built-up, and water) to reflect the built-up distribution in each year. The transition probability matrix with a one-decade unit was calculated by land use/cover maps in 2005 and 2015 with the Markovian transition estimator module shown in Table 1 . The result of the transition probability matrix can be settled as the foundation for further calculation on the transition area matrix. Transition suitability maps are employed to the allocated spatial distribution of land use/cover [49] . Modeling variables are also important data sources to concentrate on the interaction between cells for the simulation [50] . Natural and socioeconomic factors, including elevation, slope, distance to the city center, and distance to the nearest subway, are essential to generate transition suitability maps. Some restrictions are also considered in the transition suitability maps. For example, the grass areas which were in the national conservation park cannot be occupied by built-up areas.
To standardize the influence of the modeling variables, we used the fuzzy module to keep them in the same range. With the fuzzy module, we evaluated the possibility of suitable areas for land use/cover categories on each of the modeling variables. The suitable values ranged from 0 to 255, with 0 representing an unsuitable area and 255 representing the most suitable area. After that, all the modeling variables were weighted by the analytical hierarchy process weight derivation module for their relative importance during urbanization. In order to make modeling variables more reliable, the logistic regression model was employed to eliminate the effect of collinearity. In this study, six modeling variables were selected, namely, distance to CBD, distance to roads, distance to built-up areas, distance to markets, DEM, and slope. Finally, all the modeling variables which were extracted by the fuzzy module were used in the multicriteria evaluation (MCE) module to establish the suitable transition layers of all the land use/cover categories.
Combination of the Markov and CA Models
Since it only employs the transition probability matrix to model land use/cover change, the Markov model failed to catch the spatial distribution in the near future [51] . To overcome this limitation, the CA-Markov model was used to simulate spatiotemporal land use/cover changes. Alan Turing and John von Neumann pioneered the cellular automata model at first to analyze the interaction of cells [52] . Gradually, the cellular automata model has been used to simulate land use/cover changes [53] . There are some rules in the CA model to assign the distribution of each cell. For example, the CA model has a discrete spatial layout and a specified time interval, and each cell can only take one state [54] . In the CA model, the condition of the central cell is not only decided by the information from the previous state but also complies with its surrounding cells [55] . If the cell is This model combines the advantages of the Markov model and the cellular automata model to provide the statistical and spatial analysis of land use/cover changes. Spatiotemporal dynamic change rules were combined with the rules of the Markov model and the CA model [56] . Equation (4) illustrates the principle of CA-Markov model and explains the process of the condition in the cell (i, j) change from time t to time t + 1 [57] :
where
is the condition of cell (i, j) at time t + 1, C (i,j)t is the condition of cell (i, j) at time t, TS (i,j)t is the transition suitability of cell (i, j) at time t, TP (i,j)t is transition probability of cell (i, j) at time t, and N I (i,j)t is the interaction by surrounding cells based on the transition rules of the CA. In this study, the future land use/cover map was determined by four elements: (1) the land use/cover map in 2015, which is the basis land cover map for simulation; (2) the transition area matrix from 2005 to 2015, which was calculated by the Markov model; (3) the transition suitability maps in 2015, which were obtained from the MCE module; and (4) a standard 5 × 5 contiguity filter, which is integral to assign the neighborhood interaction of land use/cover cells.
Modeling Variables
Based on the literature and local development patterns, "distance to CBDs", "distance to markets", "distance to roads", and "distance to built-up areas" were selected as the input variables [38] . Long et al. suggests that from 2006, at which time the Binhai district was established, urbanization development was shifted to the Binhai district [58] . Considering this, the distance to CBDs was used as a modeling variable in this study. The markets also have an interaction with built-up areas. The established markets can stimulate the development of surrounding areas. As a result, we determined the distance to the markets in the simulation. A road is a basic item for most of the transportation models. In this context, the distance to roads was selected as another factor. Considering that the distribution of current built-up areas will influence future conditions, the distance to built-up areas in 2015 was set as the modeling variable. Due to the high elevation area not being suitable to establish built-up areas, the DEM and slope were selected as modeling variables. In general, we used CBDs, markets, roads, and built-up areas (extracted from the land use/cover map in 2015) data to compute "distance to CBDs", "distance to markets", "distance to roads", and "distance to built-up areas" using the Euclidean distance procedures available in ArcGIS 10.5 ( Figure 2a-d) , and the DEM and slope are shown in Figure 2e ,f.
Model Validation
To confirm the effectiveness of the CA-Markov model in Tianjin city, model validation was performed. Considering the limitation of Cohen's kappa in providing sufficient proof of the quantity and the location value, we employed the Map Comparison Kit 3 software to calculate the value of the kappa histogram, kappa location, and kappa simulation [59] . The previous research illustrated that the Map Comparison Kit 3 software could provide the error of quantity and location to validate the model [60] . Since the governmental policy is different in each time period, we only tested the 
Scenario Assumptions
By referring to the circumstance of urban growth and government policy in Tianjin city, the environmental protection scenario (EPS), cropland protection scenario (CPS), and spontaneous scenario (SS) were designed for prediction. According to the notice published by the state council on issuing the outline of the national overall planning of forest land conservation, the status of the forest should be protected to promote land afforestation and sustained forest growth (revised in 2011) [61] . Based on this circumstance, we set the forest area as a constrained area to prevent it from changing into a built-up area during urbanization under EPS. On the other hand, other land use/cover categories were not limited to be transformed to forest area. Further, the grass area in the wetland nature reserve was prohibited to change in EPS. Under EPS, the direction of urbanization was bounded by environmental protection [62] . Because of rapid urbanization in developing countries, Tianjin city, similar to other municipalities, has experienced enormous changes in land use/cover [17] . When other land use types change into built-up areas, the total area of forest will correspondingly decrease. If these changes continue, air pollution and biodiversity loss will happen, having a severe influence on human beings. According to the notice published by the state council on issuing the outline of the national overall planning of forest land conservation, the status of the forest should be protected to promote land afforestation and sustained forest growth (revised in 2011) [61] . Based on this circumstance, we set the forest area as a constrained area to prevent it from changing into a built-up area during urbanization under EPS. On the other hand, other land use/cover categories were not limited to be transformed to forest area. Further, the grass area in the wetland nature reserve was prohibited to change in EPS.
Under EPS, the direction of urbanization was bounded by environmental protection [62] . Because of rapid urbanization in developing countries, Tianjin city, similar to other municipalities, has experienced enormous changes in land use/cover [17] . When other land use types change into built-up areas, the total area of forest will correspondingly decrease. If these changes continue, air pollution and biodiversity loss will happen, having a severe influence on human beings. Based on these reasons, EPS should be considered. The objective of EPS is emphasizing the improvement of the regional ecological environment, protecting ecologically sensitive areas, and ensuring a reasonable layout in Tianjin city.
Benefiting from the stable increase in economy, China is undergoing a fast urbanization process, especially in Tianjin city. With rapid urbanization and economic growth, the imbalance between urban development and agricultural policy is becoming increasingly acute [63] . Resulting from the need for urbanization, croplands have been progressively occupied by built-up areas year by year [64] . Since China's per capita cultivated land area is 40% less than the world's standard level, the Chinese government issued a policy to protect agriculture to guarantee self-sufficient food production. According to the regulation on the implementation of the land administration law of the People's Republic of China (revised in 2011), agricultural areas should be protected to cope with population increase and to promote balanced development among regions [65] . Tianjin city has been regarded as the primary area to implement the cropland protection policy. Therefore, we include a CPS in our analysis. In CPS, cropland areas are limited to be changed into built-up areas during urbanization.
We also provided an SS as the benchmark. In SS, the transition of urbanization follows the historical trend regardless of policies or other social effects [66] . Table 1 presents the transition probability matrix that was calculated by land use/cover maps in 2015 and 2025. From 2005 to 2015, 32.43% of the non-built-up area changed into built-up area. Additionally, 2.3% of the total non-built-up area transformed into water. This transition was due to the mutual conversion between water and non-built-up areas since paddy fields were classified as water in this study. This transition probability matrix was employed in all three scenarios as a historical trend. Figure 4 shows the transition suitability maps for urbanization in the three scenarios. The red color in Figure 4a , situated at the areas surrounding the city center, represents a high probability of converting from other land use/cover types into built-up area in EPS. The green color represents a lower probability of changing from the current condition into other types. From the transition suitability map in Figure 4b , we found that all the red parts in the city center had a high transition probability into built-up area under CPS, in which cropland was forced to be protected. In addition, a part of the forest area in the north with low slope also has a high potential to change into a built-up area in CPS. Figure 4c shows the transition suitability map for urbanization in SS, and the red color area expanded from two CBDs to surrounding areas, suggesting that these areas had a higher potential for urbanization under SS. The northern part of the Tianjin metropolitan area is covered by green, which means the land use/cover condition cannot easily be changed in this scenario.
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use types. Since water areas included paddy fields, the total area of water decreased. Figure 3c highlights the changing area by comparing the land use/cover maps in 2005 and 2015. To emphasize the urbanization process, four categories were designed, namely built-up gain from nonbuilt-up, built-up gain from water, consistent areas, and other changes. The gain in built-up area is shown in deep red and mainly distributed in the central part. The pink color represents the built-up area that changed from paddy fields from 2005 to 2015 and was primarily located in the east of Tianjin city. The consistent area is shown in gray. A small change in water was also observed because of the conversion between cropland and paddy land. Additionally, 2.3% of the total non-built-up area transformed into water. This transition was due to the mutual conversion between water and non-built-up areas since paddy fields were classified as water in this study. This transition probability matrix was employed in all three scenarios as a historical trend. Figure 4 shows the transition suitability maps for urbanization in the three scenarios. The red color in Figure 4a , situated at the areas surrounding the city center, represents a high probability of converting from other land use/cover types into built-up area in EPS. The green color represents a lower probability of changing from the current condition into other types. From the transition suitability map in Figure 4b , we found that all the red parts in the city center had a high transition probability into built-up area under CPS, in which cropland was forced to be protected. In addition, a part of the forest area in the north with low slope also has a high potential to change into a built-up area in CPS. Figure 4c shows the transition suitability map for urbanization in SS, and the red color area expanded from two CBDs to surrounding areas, suggesting that these areas had a higher potential for urbanization under SS. The northern part of the Tianjin metropolitan area is covered by green, which means the land use/cover condition cannot easily be changed in this scenario. Different spatial allocations can be seen in Figures 5-7 . The red color shown in the simulation map represents the built-up area together with non-built-up area in yellow and water in blue. In all three scenarios, the built-up area showed a clear trend of expansion. In particular, EPS and SS shared a similar expansion pattern. In contrast, built-up sprawl is found to be much slower in CPS. Different spatial allocations can be seen in Figures 5-7 . The red color shown in the simulation map represents the built-up area together with non-built-up area in yellow and water in blue. In all three scenarios, the built-up area showed a clear trend of expansion. In particular, EPS and SS shared a similar expansion pattern. In contrast, built-up sprawl is found to be much slower in CPS. Figure 5c , it can be detected that the built-up gain area was situated around the built-up area in 2015. The northern part covered by forest does not have a significant change. This means that EPS had a demonstrable effect on simulation progress. Table 3 shows the land use/cover change rate under CPS. Compared with the simulation maps in 2025 and 2035, the built-up area had a minimal change in the city center. In the northern part, around 150 km 2 was transformed into built-up areas, as shown in Figure 6c . Normally, forest areas rarely change into built-up areas due to their high location and environmental policy. However, under CPS, feasible land is limited for urbanization, resulting in a change from forest into built-up areas. Different from the other two scenarios, the simulation maps in CPS showed that the built-up area was similar to that of 2015 and mainly spread around the two CBDs. From 2025 to 2035, there is only the change of a 125-km 2 area, including 58.54 km 2 of built-up area. Figure 5c , it can be detected that the built-up gain area was situated around the built-up area in 2015. The northern part covered by forest does not have a significant change. This means that EPS had a demonstrable effect on simulation progress. Table 3 shows the land use/cover change rate under CPS. Compared with the simulation maps in 2025 and 2035, the built-up area had a minimal change in the city center. In the northern part, around 150 km 2 was transformed into built-up areas, as shown in Figure 6c . Normally, forest areas rarely change into built-up areas due to their high location and environmental policy. However, under CPS, feasible land is limited for urbanization, resulting in a change from forest into built-up areas. Different from the other two scenarios, the simulation maps in CPS showed that the built-up area was similar to that of 2015 and mainly spread around the two CBDs. From 2025 to 2035, there is only the change of a 125-km 2 area, including 58.54 km 2 of built-up area. Table 4 shows the area change between two periods (2015-2025 and 2025-2035). By 2025, the built-up area increased to 40.08% of the total area in Tianjin city. The built-up area in 2035 expanded by 7% compared to the previous decade. In Figure 7c , the latest distribution of the built-up area was observed in the surrounding area of the previous built-up distribution. Additionally, the northern part was not covered by other land use/cover classes but only cropland. Unlike the other scenarios, between 2025 and 2035, an area of around 1800 km 2 changed and half of it was gain of built-up area. By 2035, the proportion of built-up areas increased to 47.94%. Figure 8 shows the quantity of land use/cover under EPS, CPS, and SS for 2025 and 2035. The coverage of built-up areas in CPS showed the least inventory compared with other scenarios for 2025. In the same year, the quantity of built-up areas under SS had a significant increase from 2015. In contrast, owing to the restriction to cropland, built-up areas in 2035 under CPS increased slowly. The built-up area under SS in 2035 occupied the first position and became larger than non-built-up areas. Figure 9 shows the quantity of mutual transition between the three land use/cover types under the three scenarios from 2015 to 2025 and 2025 to 2035. Around 25% of the non-built-up areas changed into built-up areas from 2015 to 2025, with the biggest transition found under SS. However, from 2025 to 2035, the proportion of built-up areas gained from non-built-up areas was decreasing under all the scenarios. Table 4 shows the area change between two periods (2015-2025 and 2025-2035). By 2025, the built-up area increased to 40.08% of the total area in Tianjin city. The built-up area in 2035 expanded by 7% compared to the previous decade. In Figure 7c , the latest distribution of the built-up area was observed in the surrounding area of the previous built-up distribution. Additionally, the northern part was not covered by other land use/cover classes but only cropland. Unlike the other scenarios, between 2025 and 2035, an area of around 1800 km 2 changed and half of it was gain of built-up area. By 2035, the proportion of built-up areas increased to 47.94%. Figure 8 shows the quantity of land use/cover under EPS, CPS, and SS for 2025 and 2035. The coverage of built-up areas in CPS showed the least inventory compared with other scenarios for 2025. In the same year, the quantity of built-up areas under SS had a significant increase from 2015. In contrast, owing to the restriction to cropland, built-up areas in 2035 under CPS increased slowly. The built-up area under SS in 2035 occupied the first position and became larger than non-built-up areas. 
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Prediction of Urbanization under Different Scenarios and Its Impact
Under all three scenarios, the occupation of built-up areas grew between 2015 and 2035 and was mainly gained from cropland and grass, especially in SS. This phenomenon illustrates that, after 20 years, Tianjin city is still in the development phase. 
Discussion
Prediction of Urbanization under Different Scenarios and Its Impact
Under all three scenarios, the occupation of built-up areas grew between 2015 and 2035 and was mainly gained from cropland and grass, especially in SS. This phenomenon illustrates that, after 20 years, Tianjin city is still in the development phase.
EPS is essential for sustainable planning from the perspective of environmental protection. In this research, we implemented an EPS by considering the policies established by the Ministry of Environmental Protection (MEP) of the People's Republic of China and the United Nations Environment Programme (UN Environment), which stress green area protection in the city center, forest protection in the countryside, and sustainable development overall. The simulated land use/cover results demonstrate that although the built-up area continues to grow rapidly and enlarges from CBD to suburban areas, the green area in the wetland nature reserve will not be covered by built-up areas. Additionally, the forest area in the northern part will also be protected under EPS.
Under CPS, built-up areas show a low level of growth. In 2025, the built-up area is slightly smaller than SS. However, it turns out to be the lowest in 2035 among the three scenarios and becomes significantly smaller than SS. From 2025 to 2035, built-up areas of both EPS and SS experience a certain amount of increase, whereas built-up areas under CPS remain almost unchanged. A related study reported that urban areas in China are mostly converted from cropland, and urbanization is responsible for more than 50% of cropland loss [67] . Consequently, restricting the transformation of cropland to built-up areas will greatly confine urban expansion [68] . Another study on Huangmei County of Hubei Province in China also confirmed that land preservation policies have inhibited urban expansion [69] .
From a national perspective, cropland conservation is the key to ensure food security, as China is seeking to maintain a high level of self-sufficiency in grains. Although the loss of cropland may not be able to threaten the food security of grain in Tianjin city, it will reduce urban consumers' welfare since vegetables and fruits are mainly produced by farmers in suburban areas. It is almost certain that the Chinese government will continue the cropland protection policy in the process of urbanization. Additionally, it is even possible that more stringent regulation may be imposed in the future, considering the increasing trend of cropland loss. Therefore, the adoption of CPS in urban sprawl prediction will provide insightful and comprehensive information for future planning.
SS serves as a benchmark for other scenarios to illustrate the effectiveness of the model and modeling variables [70] . Similar to the result from Thapa and Murayama (2012) , the quantity of built-up areas under SS is definitely more than the other two scenarios and the distribution of built-up areas has been spread from the city center to surrounding areas [62] . The reason is that the study area in Thapa and Murayama's paper is located in Nepal, which belongs to a developing country, same as China. In the past 30 years, the most rapid development of urbanization has occurred in developing countries [71] . However, SS is only based on the historical trend without other limitations, so that the same historical background causes the same result under SS.
As one of the major megacities in northern China, Tianjin city has experienced huge expansion in the last few decades. Along with this process, environmental and agricultural concerns have arisen, such as air pollution, water shortage, biodiversity loss, and food security. Recently, the municipal government of Tianjin city realized that sustainable development could not be achieved without proper policies and regulation. As a result, environmental protection and sustainability have been more frequently considered in urban planning. Moreover, all the scenarios were designed under the assumption of sustained and stable economic development. A continuous, stable, and coordinated development of the economic environment is critical in obtaining sustainable urban development [72] . From land use/cover maps in 1995, 2005, and 2015, urban development in Tianjin has presented a steady increasing trend and has met its economic background requirements. EPS and CPS scenarios simulated in this study provide a benchmark as a reference for the future layout of Tianjin city.
Advantages of Scenario-Based Modeling
In recent years, with developments in urbanization studies, scenario-based land use/cover simulations have been attracting increasing attention from urban planners [73] . Spatiotemporal models have been widely applied in urban areas under different scenarios [74] . For example, the spatial construction of land use/cover in Yuzhong county has been simulated by using the CLUE-S model under farmland protection, economic-oriented, and ecologically oriented scenarios [75] . Coupling a cellular automata model and a system dynamic model, He et al. (2006) simulated urban expansion scenarios in Beijing, China [76] . Regardless of the different scenarios, the advantage of scenario-based modeling is that the future condition has been considered in wide-ranging and varied perspectives. Owing to rapid land use/cover changes in developing countries, only applying historical trends to simulate future conditions cannot provide enough information for sustainable urban planning. Because urbanization is a complicated process, historical trends, environmental protection policy, urban development policy, and local policy are all critical criteria that should be considered in simulations for a more accurate and realistic prediction outcome.
Although the scenarios in our study were not complicated, they consisted of urban sprawl rules and policies. Additionally, the land use/cover distributions of Tianjin in 2025 and 2035 have been obtained by different scenarios and the results are considered to be valuable references for government and urban planners. The CA-Markov model acts as a significant cornerstone in the investigation. During the simulation, the spatiotemporal analysis of urban growth was established. However, there is a limitation of the CA-Markov model such that some regional drivers, such as population and GDP growth, technological progress, and market regulations, are not incorporated into the spatial analysis, and we should not overlook the land use/cover change quantitatively induced by these regional drivers [77] . For further studies, we suggest using other land use/cover change models such as complex hybrid models to derive more information related to urbanization.
Conclusions
EPS, CPS, and SS in our simulation are rooted in the environmental and agricultural concerns raised by urbanization in Tianjin city. Simulation results are derived from the connection of the spatiotemporal process and the planning objectives, which provide possible directions to balance urbanization, environmental protection, and food security.
This study contributes forward-looking knowledge on the process of urbanization in Tianjin, lending further support to urban planners for considering sustainable development plans of the city. In this study, EPS, CPS, and SS were framed based on official plans, policies, and historical trends. EPS was designed based on the national overall planning of forest land conservation released by the local government in 2011, which aimed to make a green barrier between the central districts of Tianjin and the newly developed Binhai district. CPS was designed based on a law named "Regulations on the Protection of Basic Farmland in Tianjin", which marked protected farmlands and banned the change or abandonment of these farmlands. SS was based on historical trends, which are widely used in land use/cover prediction studies.
In general, considering the historical trend, the urbanization process will continue to 2035 with a significant increase in the built-up area. In contrast, the other land use/cover types show an inconsistent trend under three different scenarios designed in this study. Under EPS and CPS, the protected land use/cover type remained consistent, which resulted in a relatively larger decrease of the unprotected land use/cover types. At the same time, because of the spatial limitation on urban expansion, the speed of urbanization was also decelerated. On the other hand, all the land use/cover types, except built-up areas, decreased significantly under SS compared to the other two scenarios. The results illustrate that the current status of urban planning is in a significant stage to prevent chaotic urban sprawl and unsustainable development. In the case where the government policy was not well implemented, the land use/cover condition would follow SS in 2035, which shows an unprecedented loss of agriculture and forest resources. These results highlight the improvement of future simulations under different scenarios and illustrate the importance of proper policies related to the protection of the assigned land use/cover types for keeping a more sustainable environment under the high pressure from urbanization. Further, complex policies considering both development and environmental protection are in great need to guide the urbanization trend into a healthier direction for Tianjin.
The flexible scheme employed in this study enables users to have different inputs based on local conditions. Considering the transparent process and the available data, this study is useful for the analysis of urban growth and land cover changes in other similar study sites. However, it is worth noting that the approach fails to include socioeconomic data with precise spatial information because of limited data availability, although these data are highly related to the urban development process. Future studies are recommended to acquire more refined data to produce more accurate results for urban planners. 
